Abstract PACS numbers: 73.20.Mf, 05.40.Ca, 41.20.Jb 
trum exhibits the usual strong asymmetrical first resonance and a second resonance scaling as √ 2. For large deviations (σ = 60 ± 0.5 µm), spectra show a less intense, much wider and symmetrical resonance, and no clear shapes for higher frequencies. For low quantity of noise, a much unexpected behaviour is observed for a small amount of noise (σ = 15.4 ± 0.5 µm).
Here, the spectrum exhibits a much stronger resonance. This resonance is still asymmetrical, and the complete spectrum exhibits all usual Surface Plasmon Polaritons (SPPs) features, but more energy is coupled through the array. This result is clearly unexpected, and seems to indicate that noise added to the structure increases the coupled energy. To explain these results, the evolution of transmitted spectrum with the amount of noise has been studied. To reduce the influence of spectrum artefacts due to specific patterns generated on the noised arrays, we introduce the transmission of the array T = E t /E 0 , where E t and E 0 are the total transmitted and incident energies, respectively. On Fig. 3 , evolutions of T versus σ are shown for both arrays of period L =300 µm (Fig. 3A) and L =400 µm (Fig. 3B ). We observe that T increases up to a specific value of deviation, σ M , and then decreases. There is a clear resonance of T with respect to noise. For L =300 µm and L =400 µm arrays, this relative increase of energy is respectively of 18.2 ± 0.01% and 11 ± 0.01%. The maxima of T correspond to σ M = 10.4 ± 0.5 µm and σ M = 15.4 ± 0.5 µm, only 3.4% and 3.8% of the array period, respectively. At the resonance frequency, the energy loss has been reduced by 2.7 for L =400 µm (Fig. 2) . For σ ≥ σ M , T continuously decreases as one would have previously expected.
In a first attempt to describe this unexpected extra energy coupling, several models currently used to describe abnormal transmission through periodic subwavelength arrays have A SR McNamara-like model will be used to describe our experimental data. Among the theories describing the abnormal transmission through subwavelength hole arrays, the Fano model ( Figure 4A ) draws an interesting parallel between the scattering process through a continuum of states interacting with an isolated state and the diffusion of light through the array 14, 22, 23 . The continuum of states describes the light directly crossing the array, either through the aperture, or either re emitted by the edge of the holes. And the resonant states are the surface waves. This model allows describing both propagation and scattering on complex arrays and gives good experimental data fits, and can easily be related to SR theories by the existence of discrete levels. Furthermore, it has been observed that the SR gets enhanced if an array of similar elements collectively responds to the same signal. This phenomenon has been termed the array enhanced stochastic resonance (AESR) 24, 25 . We then modeled the present experiment giving the evolution of T versus σ as the sum of many individual stochastic resonance ( Figure 4B ), and T is the result of SPPs scattering with a global stochastic resonance, which is the sum of all SR effects between couples of levels. As a direct consequence of the choice of this model, the fitting function is given by a Lorentzian
where σ M is the optimum noise level and ω the width of the resonance. As can be seen in The residual part of the transmission at high noise deviations for L = 400 µm (Fig. 3B) is very similar to a sigmoid function 26 , which describe the statistic equilibrium between two states. The total evolution of T with σ can then be described as the combination of SR theory and classical two level equilibrium theory
Fits are shown in Fig. 3 . A very good agreement between fits and experiments is observed, in both the resonance domain and the decreasing domain. The resonance width ω for L = 300 µm and L = 400 µm are found to be 21.6 µm and 9.1 µm, respectively. The resonance width characterizes the sensitivity of the SR process with the period L of hole on the screen, and highlights the sensitivity of SPPs generation and propagation to the relation between noise and periodicity. As σ increases, the arrays become closer to random hole arrays in which resonant surface waves are absent. The fraction of increased energy coupled by the resonant wave is found to be 0.14±0.01 compared to random arrays (see Fig. 3B ).
In conclusion, the idea that the strong abnormal transmission only originates from the 
Materials and Methods
The samples are free-standing 8-µm-thick nickel-plate arrays of subwavelength squared holes, with L = 300 µm and L = 400 µm period, fabricated by electroforming. In all samples, the ratio of the surface of metal over the surface of holes is equal to 3 so that a major part of the transmitted signal is established via the SPPs. Noised arrays are generated so that the minimal distance between any parts of two nearby holes remains larger than 5 µm. All arrays have more than one thousand apertures so that the statistic of hole displacement 
